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Boron is a neighbor of carbon, and yet their structural chemistries
are very different. The favored geometry in boron hydrides is the
polyhedron (deltahedron) that has all faces equilateral or nearly
equilateral triangles. The structural chemistry of boron hydrides
enjoys a long history of great discoveries.1-5 In carbon structural
chemistry, planar aromatic structures are more abundant than are
polyhedral structures. Aromaticity in hydrocarbons also continues
to fascinate chemists and to be a center of discussion.6-8 The
representative molecules of deltahedral boranes and planar aromatic
hydrocarbons are the octahedron B6H6

2- and benzene C6H6. Boron
differs from carbon by one electron, and substitution of B- for C
may result in a stable molecule such as the very common BH4

-,
which can be viewed as a derivative of CH4. The question is, can
we force deltahedral boranes to become planar by reducing and
thus making them isoelectronic to aromatic hydrocarbons? For
example, can we reduce a B6H6

2- octahedron into a planar aromatic
B6H6

6- hexagon which is isoelectronic to benzene? At first glance,
such reduction is highly unfavorable. Both the electropositivity of
B and a very large HOMO-LUMO gap (>14 eV) in B6H6

2-,9 do
not favor the highly charged B6H6

6- anion. However, even more
highly charged anions of more electropositive atoms such as Ga6

8-

are known to be stable in the external field provided by counter-
cations.10 Therefore, we had hope that aromatic planar all-boron
species might exist. We were not able to find any experimental or
computational data on the existence of the planar aromatic B6H6

6-

hexagon structure in the literature and decided to perform our own
ab initio calculations in order to test the viability of such species.

First, we performed ab initio calculations on a wide variety of
structures of Li6B6H6 in search of the global minimum using three
different theoretical methods.11-13 We found that the most stable
structure for Li6B6H6 was a bipyramid (Figure 1A,B) consisting of
two Li+ cations coordinated above and below a planar hexagon
B6H6

6- unit with four other Li+ cations located in the plane. The
distortions imposed on the B6H6

6- hexagon by the cations are rather
small. All B-B-B angles inside of the hexagon are close to 120.0°
(within 0.5°), and all B-B bonds in the hexagon are close to one
another in length (within 0.05 Å). Optimized bond lengths and
valence angles vary little (0.02 Å and 0.5°, respectively) at three
different levels of theory (Figure 1Sa and Table 1S, Supporting
Information). The Hartree-Fock wave function was found to be
dominant (CHF ) 0.963) in the CASSCF expansion, ensuring that
the B3LYP, MP2, and CCSD(T) calculations are reliable. Other
isomers (their structures and harmonic frequencies are presented
in the Supporting Information) were also located (chemical bonding
in alternative structures will be discussed elsewhere), but all had
higher energies than the bipyramidal structure. Therefore, we
conclude that the bipyramidal structure detailed in Figure 1 is the
global minimum for the Li6B6H6 species.

The planar hexagon B6H6
6- unit is undoubtedly isoelectronic to

benzene. There is a great deal of charge transfer from the lithium
atoms to the B6H6 structural unit, yielding a total formal charge

close to-6 (NBO analysis). The B6H6
6- anion also has the same

set of occupied molecular orbitals as benzene.π-MOs of Li6B6H6

and C6H6 are presented in Figure 2, thus providing theoretical proof
that the B6H6

6- hexagon is indeed aromatic. We also calculated
NICS indices for Li6B6H6. NICS indices were introduced by
Schleyer14-16 as a simple probe for aromaticity. We found that the
NICS index for Li6B6H6 at the center of the B6H6

6- hexagon is
negative (-7.2 ppm) and close to the NICS index in benzene (-8.0
ppm) at the same level of theory (B3LYP/6-311++G**), thus
providing additional proof of aromaticity in Li6B6H6.

We evaluated the exothermicity of the four-electron reduction
of B6H6

2- to B6H6
6- involved in the gas-phase reaction 1.

Figure 1. Optimized structures of B6H6Li6 (D2h,1Ag), side view (A); B6H6-
Li6 (D2h,1Ag), front view (B); B6H6Li2 (D3d,1A1g) (C); B5H5Li6 (Cs,1A′),
side view (D); B5H5Li6 (Cs,1A′), front view (E); B5H5

2- (D3h,1A1′) (F); B7H7-
Li6 (C1,1A), side view (G); B7H7Li6 (C1,1A), front view (H); B7H7

2-

(D5h,1A1′) (I); B10H8Li10 (D2h,1Ag), side view (J); B10H8Li10 (D2h,1Ag), front
view (K); and B10H8

4- (D2h,1Ag) (L).

B6H6Li2(D3d,
1A1g) + Li4(D2h,

1Ag) f B6H6Li6(D2h,
1Ag) (1)
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Surprisingly, we found that this gas-phase reaction is highly
exothermic (∆E ) -53 kcal/mol at the CCSD(T)/6-311++G**
level of theory). It is known, however, that M2B6H6 solid salts are
difficult to reduce.1-5 The high stability of closo-boranes, BnHn

2-,
has been attributed to their three-dimensional aromaticity.1-5,17,18

Therefore, our calculated high exothermicity for reaction 1 requires
some explanation. The stability of the B6H6

2- octahedron comes
from two types of bonding. A pairwise overlap of the six pairs of
the px,py tangential B orbitals results in bonding over the two-
dimensional surface of the octahedron. Additional bonding comes
from the global mutual overlap of the six s-pz hybrid B orbitals.
This last bonding is responsible for the aromatic stabilization in
B6H6

2-.4,17In the B6H6
6- anion, six classical two-center,two-electron

B-B σ-bonds and the resonance of the three two-electron,two-
centerπ-bonds are responsible for chemical bonding in the planar
hexagon. Apparently, the formation of the six B-B σ-bonds, which
are rather strong (De(B-B) ) 101 kcal/mol from the dissociation
B2H4 into two BH2 fragment), together with formation of the three
π-bonds and their resonance, provide the extra stability for the
aromatic B6H6

6- structure.
Is the Li6B6H6 salt molecule a lucky strike of the delicate balance

between aromatic stabilization in B6H6
6-, the extremely high

repulsion between six extra charges, and the external stabilizing
field of six extra countercations? We tested other planar aromatic
all-boron molecules which satisfy the 4n + 2 aromatic rule. We
found that Li6B5H5 (Figure 1D), Li6B7H7 (Figure 1G), and Li10B10H8

(Figure 1J), containing B5H5
6- (isoelectronic analogue of C5H5

-),
B7H7

6- (isoelectronic analogue of C7H7
+), and B10H8

10- (isoelec-
tronic analogue of naphthalene, C10H8) respectively, are all true
minima, clearly showing a general trend for all-boron planar
aromaticity. NICS indices calculated for these planar boron species
(-2.0 ppm for Li6B5H5, -93.2 ppm for Li6B7H7, and-54.2 ppm
for Li 10B10H8, all at the center of the polygon) provide us further
proof of their aromaticity. We believe that all deltahedral boranes
can be further reduced to yield planar aromatic boranes.

In this work, we theoretically predicted the existence of a new
class of planar aromatic boranes. Ab initio calculations show that
the reduction of a three-dimensional B6H6

2- octahedron (in
Li 2B6H6), a B5H5

2- trigonal bipyramid (in Li2B5H5), a B7H7
2-

pentagonal bipyramid (in Li2B7H7), and a B10H8
4- bioctahedral with

a joint edge (in Li4B10H8) leads to the formation of perfectly stable,
planar structures. Planar B6H6

6- hexagon (in Li6B6H6), planar
pentagon B5H5

6- (in Li6B5H5), planar heptagon B7H7
6- (in Li6B7H7),

and naphthalene-like B10H8
10- (in Li 10B10H8) were found to be

aromatic and stable species. Certainly, synthesis of planar all-boron
aromatic molecules such as (M+)6[B6H6

6-] and (M+)10[B10H8
10-]

will represent a challenge; otherwise, they would have been
synthesized a long time ago. However, we hope that chemists will
find a way to make these new compounds, and we expect that these
species may have surprising properties like their now famous
“cousin”, MgB2.19
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Figure 2. π-Molecular orbital pictures of B6H6Li6 (D2h,1Ag) and C6H6

(D6h,1A1g).
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